ABSTRACT Laboratory experiments were conducted to determine the effect of host instar and feeding status on the egg load of early life stage in Microplitis rufiventris Kokujev (Hymenoptera: Braconidae), a solitary koinobiont endoparasitoid of some noctuid pests. The wasps that developed from fourth or Þfth instars of Spodoptera littoralis (Boisduval) larvae were heavier in weight than those from earlier stages. Different numbers of mature eggs were found in the two ovaries of the female wasp. Egg loads, corresponding to Þtness, were signiÞcantly inßuenced by female weight and feeding status. However, the interactions between the two treatment factors were not signiÞcant. The average number of mature eggs carried by females at eclosion time ranged from 52 eggs in smaller wasps to 62 eggs in larger wasps. Females that were fed had higher egg loads and egg maturation rate than unfed females. However, female wasps were capable of maturing considerable number of eggs without feeding; suggesting that they produce a certain portion of eggs from nutritional reserves that had been stored during larval stage. Female wasps are weakly synovigenic, with an egg maturation at a rate of Ϸ1.8 eggs per h. Further investigation is required to verify the rate of egg maturation and eventually egg resorption in different stages of adult female M. rufiventris.
Most parasitoids lay their eggs in or on the bodies of other insects, and their progeny develop by feeding on host tissues. Because hosts are a Þnite resource, a female parasitoidÕs Þtness is determined in large measure by the rate at which she Þnds hosts, the quality of the hosts she parasitizes, and the number (and sex) of eggs she lays . Moreover, the egg load of female parasitoids is a key factor in their parasitization efÞciency. Egg load has been deÞned as the number of mature oocytes (i.e., fully chorionated eggs) found within the ovaries and oviducts of an insect at any given moment in its lifetime (Jervis and Ferns 2004) . The ability of parasitoids to mature additional eggs after emergence is linked to their life history. Emergence with a high percentage of mature eggs would seem advantageous to short-lived species that expend much of their egg load early in adult life, whereas emergence with a low percentage of mature eggs would seem advantageous to species that oviposit a limited number of eggs over a longer period (Ellers and Jervis 2003) . Species that emerge with a full complement of mature eggs are strictly proovigenic, and those that emerge with few or no mature eggs are strictly synovigenic (Jervis et al. 2001) . There is probably a continuum of ovigenic strategies in the parasitic Hymenoptera, ranging between the extremes of strict proovigeny and synovigeny. Strictly proovigenic and synovigenic species have an ovigeny index of 1 and 0, respectively (Jervis et al. 2001) .
Microplitis species (Braconidae: Microgastrinae) are koinobiont parasitoids whose hosts continue feeding and growing during much of the interaction (Harvey et al. 1994 (Harvey et al. , 1999 . Many koinobionts are larval endoparasitoids that are capable of attacking a wide range of host sizes, so that the amount of available resources may change greatly between oviposition and pupation (Harvey 2000 , Harvey and Strand 2002 , Elzinga et al. 2003 . Microplitis rufiventris Kokujev (Hymenoptera: Braconidae) is a sexually reproducing endoparasitoid of some noctuid pests, including Spodoptera littoralis (Boisduval) (Hammad et al. 1965) . In the Þeld, this parasitoid prefers to attack earlier instars of S. littoralis when they still live in clusters near the place of egg deposition, although third instars are preferred. Fourth instars disperse from these clusters and so are less easily accessed than earlier instars (Hegazi 1977) . No literature exists to suggest that M. rufiventris females normally attack Þfth-or sixth-instar hosts in the Þeld. The parasitoid oviposits a single egg per host and the larvae develop through three instars feeding on the host hemolymph before emerging from the host to pupate (Hegazi and Fü hrer 1985) .
Knowledge of the reproductive physiology of parasitoids is necessary to ensure the selection of proper biocontrol agents and the reliability of studies of reproductive behavior and host parasitization strategies (Donaldson and Walter 1988) . Thus, knowledge of the oviposition behavior of M. rufiventris may provide clues to designing efÞcient systems for rearing this parasitoid. Food and host age might be intimately linked to egg production in some synovigenic species (Harvey et al. 2001, Roberts and Schmidt 2004) . Here, a series of experiments was done to study the effect of host instar and food treatments on the maturation of eggs in ovaries (egg load) of the parasitoid M. rufiventris.
Materials and Methods
Insects. Cultures of S. littoralis and the parasitoid M. rufiventris were obtained from a laboratory colony established at Alexandria University. The colonies of S. littoralis and M. rufiventris originated from Þeld crops, including cotton, Gossypium hirsutum L., at Alexandria, Egypt. Field-collected individuals were added to the colonies twice a year to maintain genetic diversity. Larval S. littoralis were reared on artiÞcial diet . The M. rufiventris colony was maintained using third-instar S. littoralis as hosts according to methods described by Hegazi and El-Minshawy (1979) .
Mating in M. rufiventris wasps occurs as soon as both sexes are present, thus male and female wasps held together in glass vials (25 by 100 mm) for 24 h were presumed mated. Groups of presumed mated females (hereafter mated females) were identiÞed and held together with accompanying males throughout the test period. The wasps were provided with Þne droplets of honey and distilled water (1:1) daily to ensure maximum reproductive success.
All experiments were conducted and cultures maintained at 25 Ϯ 1ЊC, 60 Ð 65% RH, and a photoperiod of 14:10 (L:D) h.
Effect of Host Instar at Parasitism on Wasp Size. To determine whether the host instar of S. littoralis larvae at parasitism has an inßuence on the wasp size, the host larvae were grouped into instars: late Þrst (L 1 ; determined by their color and weight) and early instars of second (L 2 ), third (L 3 ), fourth (L 4 ), and Þfth (L 5 ) instars (determined by the presence of a moulted head capsule). For each group of host larvae, Þve to seven 2-d-old mated female parasitoids that had no previous contact with host larvae were used singly, and each served as a replicate (10Ð15 larvae per female). Oviposition was induced by placing the female wasp in a glass vial with the host larvae, which was removed immediately after a single oviposition. Surprisingly, the wasp females readily parasitized the newly moulted Þfth instar (0 to 1 h old). However, the females were reluctant to attack 24-h-old Þfth-instar larvae (Hegazi and Khafagi 2005) . Female wasps were willing to attack hosts that had been newly parasitized by themselves or by conspeciÞcs. Wasps also were willing to attack large hosts, despite that larger larvae were more likely to Þght back during oviposition. Larvae that were accidentally parasitized more than once were discarded. The mean weights of host larvae at parasitization and also before parasitoid emergence were recorded. The stung host larvae were subsequently monitored daily.
On emergence, the parasitoid cocoons were retained singly in glass vials. At emergence, the sex of the parasitoid was determined. A random selection of newly emerged female wasps (n ϭ 20Ð30 per group) were killed by freezing and then weighed individually on a microbalance of high accuracy (Ϯ0.01 mg; Sartorius AG, Goettingen, Germany). Female size was estimated from its wet weight rather than from hind tibia or forewing length because the initial egg load is more affected by wasp weight (Petersen and Hardy 1996, Riddick 2005) .
Effect of Wasp Size and Honey on Rate of Egg Maturation. Five groups of newly emerged M. rufiventris wasps (50 females per group) derived from L 1 , L 2 , and L 3 (preferred hosts), L 4 and L 5 (nonpreferred hosts) S. littoralis larvae were selected. Each group of wasps was further subdivided into three subgroups, each with 15Ð18 females. The emergent males and females of the Þrst and second subgroups were paired, and each pair was isolated in a glass vial (n ϭ 18) for 24 h. Each pair of the Þrst subgroup was provided with honey solution as a nutrient source for the parasitoids, whereas pairs of the second subgroup were kept without access to food and water to determine their egg loads at these conditions. Females of the third subgroup were removed immediately after emergence and submersed in 70% ethanol for 5 min. The reproductive tracts of 0 Ð1-h-old and 1-d-old subgroups of females were dissected in saline solution. Female M. rufiventris has two ovaries, each consisting of a pair of long ovarioles. Each ovariole is in contact with the other ovariole throughout its length. Mature eggs are held in the base where the two ovarioles form a gourdshaped structure "reservoir region" followed by a swollen calyx. In the calyx region, a water-soluble ßuid of bluish hue (calyx ßuid) is found (Hegazi et al. 2007 ). The ovaries were dissected under a binocular dissecting microscope at 40ϫ into egg tube, reservoir, and calyx eggs. Developing eggs of similar size were gently teased separately from the reservoir and calyx regions. To standardize counting the eggs, only eggs that possessed a distinct opaque area were counted (323Ð389 m in length). No host larvae were supplied to adult females until the time of dissection. Egg maturation rate per hour was calculated from the difference between number of egg load at emergence and number of egg load at 24 h/24 in the two age subgroups of females.
Statistical Analysis. Data were subjected to analysis of variance (ANOVA) of one or two factors in completely randomized design for determination of differences between means. The total mature egg load numbers between treatments were analyzed after a two-way ANOVA for comparing host size (instar) and parasitoid status (0 d, 1 d fed, and 1 d unfed) and interactions between the two treatment factors. Where signiÞcant differences occurred, a least significant difference (LSD) test or StudentÕs t-test was applied for mean separation.
Results
Effect of Host Instar on Wasp Size. The mean fresh weights of the Þrst Þve larval instars of S. littoralis at parasitism and when attaining maximum weight are shown in Table 1 . At parasitism, there were signiÞcant differences among weights of host ages (F ϭ 77.84; df ϭ 4, 15; P Ͻ 0.05). Also, signiÞcant differences were observed among maximum weights of parasitized L 1 through L 5 (F ϭ 92.73; df ϭ 4, 15; P Ͻ 0.05). Hosts parasitized during L 4 or L 5 attained signiÞcantly larger sizes before parasitoid egression than those of earlier stages (L 1 , L 2 , or L 3 ). Emerging adult parasitoid size also varied signiÞcantly with host stage (F ϭ 6.91; df ϭ Fig. 1A . At emergence, the majority of mature eggs were found in reservoir region, and one ovary usually had a greater number of eggs than the other ovary, but without signiÞcant differences. However, signiÞcant differences were detected between the number of mature eggs found in the right and left ovaries of most 1-d posteclosion wasps. In starved experiments, there was signiÞcant differences between number of mature eggs in oviducts of females derived from L 1 (t ϭ 2.9, df ϭ 20, P Ͻ 0.05), L 2 (t ϭ 2.7, df ϭ 20, P Ͻ 0.05), L 3 (t ϭ 2.5, df ϭ 18, P Ͻ 0.05), and L 5 (t ϭ 3.9, df ϭ 16, P Ͻ 0.05) hosts (Fig. 1B) . In 1-d-old honey-fed females, oviducts of females derived from L 2 (t ϭ 2.5, df ϭ 16, P Ͻ 0.05), L 3 (t ϭ 2.7, df ϭ 18, P Ͻ 0.05), and L 3 (F ϭ 2.2, df ϭ 18, P Ͻ 0.05) hosts contained signiÞcant different numbers of mature eggs (Fig. 1C) .
The mean total number of mature egg load at emergence and 1 d postemergence of M. rufiventris females derived from different instars of S. littoralis larvae is shown in Fig. 2 . The effect of female size on egg load at birth could not be studied in trials involving mated individuals because a few hours of exposure to males was required for mating. At emergence (0 Ð1 h old), the counts of mature eggs in the oviducts of the adult wasps derived from eggs oviposited in L 1 , L 2 , and L 3 (optimal hosts) and L 4 and L 5 (suboptimal hosts) were signiÞcant (F ϭ 3.0; df ϭ 4, 45; P Ͻ 0.05). Dissection showed that egg load of 24-h-old starved females reared from L 1 through L 5 instars of S. littoralis varied signiÞcantly (F ϭ 4.5; df ϭ 4, 45; P Ͻ 0.05). Access to water and honey signiÞcantly increased the number of mature eggs (F ϭ 5.7; df ϭ 4, 45; P Ͻ 0.05). As a result, maximum number of mature eggs was found when the parasitoid developed from L 5 and provided with food. Also, the average number of mature eggs carried by females at emergence and 1 d posteclosion, either fed or starved, was signiÞcantly different among wasps reared from L 1 (F ϭ 38.5; df ϭ 2, 27; P Ͻ 0.05), L 2 (F ϭ 165.05; df ϭ 2, 30; P Ͻ 0.05), L 3 (F ϭ 86.9; df ϭ 2, 33; P Ͻ 0.05), L 4 (38.8; df ϭ 2, 27; P Ͻ 0.05), and L 5 (F ϭ 52.7; df ϭ 2, 24; P Ͻ 0.05). In all cases, the number of mature eggs was signiÞ-cantly different between nonfeeding and access to honey. Fed females had higher egg complements than starved ones. However, when the data in Fig.  2 were analyzed after a two-way ANOVA for comparing the effect of host size (instar), parasitoid status (0 d, 1 d fed, and 1 d unfed), or both on the amount of egg load carried by females, the interactions between the two treatment factors were not signiÞcant (Tables 2 and 3 ).
The involuntary movement of mature eggs down the oviducts, aided by the ongoing maturation of additional eggs, presents eggs at the calyx region (to be laid Þrst). Female M. rufiventris eclose with nearly no mature eggs in the calyx region. The mean umber of pushed mature eggs into the calyx region increased signiÞcantly (Fig. 3) within the Þrst 24 h, for females derived from L 1 (F ϭ 13.44; df ϭ 2, 27; P Ͻ 0.05), L 2 (F ϭ 19.3; df ϭ 2, 30; P Ͻ 0.05), L 3 (F ϭ 20.9; df ϭ 2, 30; P Ͻ 0.05), L 4 (F ϭ 39.8; df ϭ 2, 27; P Ͻ 0.05), and L 5 (F ϭ 13.5; df ϭ 2, 24; P Ͻ 0.05). The calyx of honey-fed females contained a larger number of eggs than that in nonfed females.
From the average number of mature eggs carried by females at emergence and that by honey-fed or starved females, the rate of egg maturation within the Þrst 24 h of a femaleÕ life is illustrated in Fig. 4 . Rate of egg maturation in starved females was signiÞcantly less than in honey-fed females, developed from L 1 (t ϭ 4.2, df ϭ 18, P Ͻ 0.05), L 2 (t ϭ 12.1, df ϭ 20, P Ͻ 0.05), L 3 (t ϭ 8.6, df ϭ 22, P Ͻ 0.05), L 4 (t ϭ 8.9, df ϭ 18, P Ͻ 0.05), and L 5 (t ϭ 12.33, df ϭ 16, P Ͻ 0.05) hosts. Means with the same letter in the row or in the column do not signiÞcantly differ from each other (P Ͻ 0.05).
Discussion
The current study has focused on the effect of host instars and parasitoid feeding on egg load (Þtness) in early stages in M. rufiventris females. Larger parasitoids generally developed from larger hosts. This relationship has been described for parasitoid species that attack every host developmental stage, but it applies more generally to parasitoids of host eggs and pupae where host size is Þxed, i.e., with idiobiont parasitoids (Askew and Shaw 1986) . Positive linear relationships between host and parasitoid size often are not evident for koinobiont species developing on immature host stages that continue to feed. Our results showed that parasitoid size increased with host size. Hosts parasitized during L 5 had the heaviest maximal weight at parasitoid emergence time compared with those parasitized during earlier stages. This suggests that the waspÕs size responded to variations in host developmental stage in a manner similar to another koinobiont parasitoid investigated, Meteorus gyrator (Thunberg) (Bell et al. 2003) . The weight of M. gyrator cocoons was greatest when oviposition was into the Þnal instar hosts of the moth Lacanobia oleracea L. and lowest in those derived from eggs oviposited into Þrst instars.
Egg maturation patterns are highly diverse among parasitoid species, ranging from proovigenic through weakly synovigenic to extremely synovigenic (Jervis et al. 2001) . The degree to which wasp females concentrate egg production into early adulthood is quantiÞed as the ovigeny index, deÞned as the proportion of the maximum lifetime complement of eggs that is mature upon female emergence (Jervis et al. 2001) . Using data from a previous study, an ovigeny index for M. rufiventris can be calculated. The average egg load at emergence was 58 mature eggs. If the lifetime potential fecundity of wasps derived from third host instars is used (Abd El-Aziz 2005) , the ovigeny index is 0.28 (i.e., 58/205) or 28%. This index suggests that the lab-cultured M. rufiventris females are weakly synovigenic. In larger and closely related braconid wasp Microplitis croceipes (Cresson) (mean weight Ϯ SE ϭ 5.8 Ϯ 0.1 mg; Powell et al. 1986 ), the ovigeny index was higher (0.34 Ð 0.4; Jervis et al. 2001) . At emergence (0 Ð1 h old), the number of mature eggs was not signiÞcantly different between right and left ovaries. However, in most cases, the number of egg load varied signiÞcantly in both ovaries 24 h postemergence in both nonfed or fed wasps. So, after emergence, the eggs are accumulated in one ovary and then in the second one and so on. This procedure continued until the egg storage capacity of the oviducts has been reached. Thus, after emergence, ovarian development seems to be adjusted at the level of the individual by an inherent physiological mechanism. Although eggs mature rapidly after emergence regardless of food supply, and females are ready to lay abundant eggs within a few hours after eclosion (unpublished data). Female M. rufiventris is therefore able to produce mature eggs from nutritional reserves that are acquired during the larval stage (Honek 1993 , Visser 1994 , Ellers et al. 1998 . It also highlights that the oviduct can store a large number of mature eggs. M. rufiventris parasitoid is koinobiont, in which hosts are allowed to continue the development after parasitism. Because eggs of such koinobiont can absorb nutrients required for embryogenesis from the host, females invest only a small amount of resource to each egg and production of many eggs is thereby possible without host feeding. The inßuence of larval nutrition (usually measured as host size or wasp size) on fecundity has been widely investigated. In most cases, the fecundity of female parasitoids is correlated with their body size and hence with the amount of stored nutrient reserves acquired during the larval stage (Waage and Godfray 1985 , Godfray 1994 , Harvey et al. 1994 , Visser 1994 . The average number of mature eggs carried by females by 1-d posteclosion was highest for wasps derived from L 5 compared with earlier instars. Thus, larval nutrition is important in oogenesis. Adult nutrition is also important in female reproduction. Adult parasitoids after eclosion generally require food to sustain foraging activity and to initiate and maintain oogenesis (Jervis and Kidd 1986 , Heimpel and Collier 1996 , Jervis et al. 1996 , Thompson 1999 ). The present results indicated that the egg load of M. rufiventris was signiÞcantly greater in females that had previously fed on honey than those in starved females, indicating that wasp food was involved in egg production. Riddick (2007) reported that feeding Cotesia marginiventris (Cresson) on suitable source of carbohydrate should increase the potential fecundity of this insect within 3Ð 4 d in an in vivo rearing system. Egg maturation in a synovigenic braconid Fopius arisanus (Sonan) occurred regardless of food supply (Wang and Messing 2003) . Egg maturation in another host-deprived ichneumonid Mastrus ridibundus (Gravenhorst) remained static during the Þrst several days after emergence in the absence of honey (Bezemer et al. 2005) . These studies indicate that the effects of food on egg maturation may vary depending on the species.
Despite that the honey-fed (1-d-old) females reared from L 5 (nonpreferred hosts) had higher egg complements than those developed from earlier instars (L 1 ÐL 3 ), the parasitoid females are more reluctant to attack the L 4 and L 5 hosts. Larger host larvae usually display stronger physical defense to ovipositing females than smaller ones (Brodeur et al. 1996) . The dispersal habit of the larger hosts makes them more difÞcult to Þnd by wasp females than smaller females, which tend to aggregate easier to be parasitized. Also, larger hosts have the physiological capacity to kill the parasitoid larvae (Hegazi and Khafagi 2008) . Further investigation is required to verify the rate of egg maturation and eventually egg resorption in different life stages of M. rufiventris females.
In conclusion, the results suggest that laboratorycultured M. rufiventris females are clearly weakly synovigenic. Egg maturation seems to be relatively rapid. Host stage or food supplement should increase the egg load (i.e., potential fecundity) of this parasitoid in an in vivo rearing system. Maximizing the egg load may be beneÞcial for biological control efÞcacy when released in agricultural ecosystem.
